In this work we describe the magnetic Freedericksz transition in HABbased (4,4 -di-n-heptylazoxybenzene) ferronematics. The ferronematic samples were prepared with two different volume concentrations of magnetic particles φ 1 = 2 × 10 −5 and φ 2 = 2 × 10 −4 . The liquid crystal HAB is nematic at the temperatures from ≈ 53
In this work we describe the magnetic Freedericksz transition in HABbased (4,4 -di-n-heptylazoxybenzene) ferronematics. The ferronematic samples were prepared with two different volume concentrations of magnetic particles φ 1 = 2 × 10 −5 and φ 2 = 2 × 10 −4 . The liquid crystal HAB is nematic at the temperatures from ≈ 53
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• C.
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Introduction
Ferronematics are magnetic colloids based on a liquid crystal matrix and were first suggested on theoretical grounds in 1970 by Brochard and de Gennes [1] . The surface anchoring in the magnetic particles couples the magnetic and nematic order (591) and dramatically increases the weak magnetic interaction. The authors predicted a rigid anchoring with m n, where the unit vector n (director) denotes the preferential direction of the nematic molecules and the unit vector m denotes orientation of magnetic moment of magnetic particles. In the first experiment Rault et al. [2] reported the basic magnetic properties of a suspension of rodlike γ-Fe 2 O 3 particles in 4 -methoxybenzylidene-4-n-butylaniline (MBBA) liquid crystal. Later, based on the estimations given by Brochard and de Gennes, first lyotropic [3] and then thermotropic [4] ferronematics were prepared and studied. In the last two decades interest in these materials has grown. Not only because these systems pose interesting physical problems, but also they promise to provide an optical device technology based on magnetic switching [5, 6] . The relevant key properties of a nematic crystal doped with magnetic particles are the intrinsic higher magnetic susceptibility (compared with that of the pure liquid crystal) and the uniform molecular reorientation of the entire liquid crystal matrix, or macroscopic collective behavior, in varying magnetic field. Burylov and Raikher [7] generalized the continuum theory of Brochar and de Gennes to finite nematic anchoring energies on the magnetic particle surface. This explained experiments in which the nematic director n and the magnetic moment of the magnetic particles m were not parallel [4] . Further experiments confirmed the general picture. In this work we describe the magnetic Freedericksz transition in HAB (4,4 -di-nheptylazoxybenzene) based ferronematics.
Experimental
The samples were prepared by addition of spherical shaped magnetic nanoparticles with a diameter d = 10 nm into a matrix of thermotropic liquid crystal. The ferronematic samples were prepared with two different volume concentrations of the magnetic particles φ 1 = 2 × 10 −5 and φ 2 = 2 × 10 −4 . The calorimetric scans were performed by using a differential scanning calorimetry (DSC) instrument Mettler FP80HT at a scan rate 4
• C min −1 in the temperature range from 20
• C up to 90 • C. The liquid crystal HAB is nematic at temperatures from ≈ 53
• C. The anisotropy of the dielectric permittivity of HAB is positive (ε a > 0) in the nematic phase and negative (ε a < 0) in the smectic A phase. The Freedericksz transition was studied in the nematic phase at 60
• C. The structural transitions in ferronematic samples were detected by capacitance measurements in a capacitor with ITO-coated glass electrodes (LINCAM Co.). The capacitor with the electrode area approximately 1 cm × 1 cm was placed into a regulated thermostat system, the temperature was stabilized with the accuracy of 0.05
• C. The distance between the electrodes (sample thickness) was D = 5 µm. The initial texture of the liquid crystal was planar. The capacitance was measured at the frequency of 1 kHz by the high precision capacitance bridge Andeen Hagerling. The applied bias electric field E B was perpendicular to the surface of the electrodes and an additional external magnetic field was applied perpendicular to the bias electric field.
Results
The pure HAB liquid crystal and the HAB-based ferronematics show three transitions according to the DSC curves (Fig. 1) . Melting point of pure HAB was found to be 29
• C where the crystaline phase transforms into the smectic A. The smectic A phase transforms into the nematic phase at 53
• C and the nematic phase transforms into the isotropic at 70
• C. From Fig. 1 it is seen that the transiton temperatures of the ferronematic samples are shifted to higher values. The calculated surface density of the anchoring energy W at the nematic- magnetic particle boundary is ≈ 10 −3 N m −1 and the parameter ω defined as a ratio of the anchoring energy to the elastic energy of the liquid crystal is ≈ 10 −1 . These results characterize the soft anchoring of nematic molecules on the surfaces of the magnetic particles that permits both types of boundary conditions (m n and m ⊥ n). The parallel initial condition (m n) was supposed.
The applied bias electric voltage U B induces a splay Freedericksz transition, rotating the nematic molecules normal to the electrodes. The increasing external magnetic field B reduces this deformation by turning the director back toward the magnetic field. At the treshold magnetic field B c the initial planar texture is restored, i.e. the electric Freedericksz transition is fully inhibited. In this case the addition of fine magnetic particles should decrease B c . In Table the critical magnetic fields measured at different bias electrical fields are summarized for pure HAB as well as for HAB-based ferronematic samples with two volume concentrations of the magnetic particles, φ 1 = 2 × 10 −5 and φ 2 = 2 × 10 −4 . From this table it is seen that with increasing volume concentration of the magnetic particles the critical magnetic field decreases. This result confirmed the supposed parallel initial boundary condition in HAB-based ferronematics.
